Analysis of single-staged resection of a fourth ventricular tumor via a combined infratentorial-supracerebellar and telovelar approach: Case report and review of the literature  by Griessenauer, Christoph J. et al.
A
c
r
C
a
b
c
d
a
A
R
R
A
A
K
B
F
C
P
S
T
N
1
l
s
t
c
D
U
s
2
hCASE  REPORT  –  OPEN  ACCESS
International Journal of Surgery Case Reports 4 (2013) 842– 845
Contents lists available at ScienceDirect
International  Journal  of  Surgery  Case  Reports
journa l h om epage: www.caserepor ts .com
nalysis  of  single-staged  resection  of  a  fourth  ventricular  tumor  via  a
ombined  infratentorial-supracerebellar  and  telovelar  approach:  Case
eport  and  review  of  the  literature
hristoph  J. Griessenauera, R.  Shane  Tubbsb,c, Aaron  A.  Cohen-Gadold,∗
Division of Neurosurgery, Department of Surgery, University of Alabama at Birmingham, Birmingham, AL, USA
Section of Pediatric Neurosurgery, Children’s Hospital, Birmingham, AL, USA
Department of Anatomic Sciences, St. George’s University, Grenada
Goodman Campbell Brain and Spine, Department of Neurosurgery, Indiana University School of Medicine, Indianapolis, IN, USA
 r  t  i  c  l e  i  n  f  o
rticle history:
eceived 8 March 2013
eceived  in revised form 5 July 2013
ccepted 8 July 2013
vailable online 16 July 2013
eywords:
rain neoplasm
ourth ventricle
ranial fossa
osterior
upracerebellar-infratentorial approach
elovelar approach
eurosurgical procedures
a  b  s  t  r  a  c  t
INTRODUCTION:  The  authors  explore  a combined  infratentorial-supracerebellar  and  telovelar  approach
in  an  adult,  while  avoiding  vermian-splitting  methods  for a large,  midline,  fourth-ventricular  tumor,
unapproachable  though  a single  traditional  route.  Experience  with  a combined  surgical  approach  for
pediatric  patients  has  been  published,  but the  authors  believe  that  describing  this  combined  method  in
an  adult  will  provide  a preliminary  experience  for further  exploration  of  this  approach  in other  adult
patients.
PRESENTATION  OF CASE:  The authors  present  a review  of  the  literature  along  with  the case  of  a  60-year-
old  man  with  slight  ataxia  who  presented  with  a 1-month  history  of  gait difﬁculty  and  memory  lapse.
His  MRI  of  the  brain  showed  mild hydrocephalus  and  a large  tumor  of the  fourth  ventricle.  Surgical
removal  through  a suboccipital  craniotomy  was  attempted,  and  part of  the  tumor  overlying  the  tectum
and  the  superior  cerebellar  velum  was  removed  without  difﬁculty.  However,  despite  inferior  retraction
of  the  vermis,  which  allowed  further  resection  of  the  tumor  from  the  fourth  ventricle,  residual  tumor  in
the  caudal  surgical  resection  cavity  was  present.  Partial  transection  of  the  vermis  was  considered,  but
avoided  because  of  potential  neurological  deﬁcits.  Instead,  the  authors  redirected  their  approach  and
exposed  the  residual  tumor  by transecting  the  inferior  medullary  velum  and  removed  additional  tumor
while  avoiding  the  ﬂoor  of the  fourth  ventricle.  The  infratentorial-supracerebellar  and  telovelar  approach
resulted  in  total  gross  resection  of  the  tumor.
DISCUSSION: For  patients  with  large  midline  tumors  that  arise  from  the superior  vermis  or the  quadrigem-
inal  plate  and  ﬁll the  upper  third  of  the  fourth  ventricular  space,  this  combined  approach  may  offer  a
unique  possibility  of  safe  tumor  removal.
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. Introduction
Approaching the fourth ventricle surgically is particularly chal-
enging due to the limited working space provided by the important
urrounding cerebrovascular structures. Its close relationship to
he surrounding neural structures, including the brainstem and
erebellum, is the major limitation for surgical access. Various
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.
∗ Corresponding author at: Indianapolis Neurosurgical Group, Indiana University
epartment of Neurosurgery, 355 W.  16th Street, Suite 5100, Indianapolis, IN 46202,
SA. Tel.: +1 317 362 8760; fax: +1 317 924 8472.
E-mail addresses: Cgriessenauer@uabmc.edu (C.J. Griessenauer),
hane.tubbs@chsys.org (R.S. Tubbs), acohenmd@gmail.com (A.A. Cohen-Gadol).
210-2612 © 2013 The Authors. Published by Elsevier Ltd on behalf of Surgical Associate
ttp://dx.doi.org/10.1016/j.ijscr.2013.07.005strates  the  beneﬁt  of a combined  approach  for a  select group  of patients.
he Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. 
surgical routes to the fourth ventricular space have been described
in the literature, including the conventional transvermian
approach. Recent clinical and anatomical studies have sug-
gested that the telovelar approach through dissection of the
cerebellomedullary ﬁssure and incision of the tela choroidea and
the inferior medullary velum (two thin layers of tissue forming the
lower half of the roof of the fourth ventricle) will maximize the
extent of surgical exposure and working angle while minimizing
operative morbidity.1–3 In addition, transforaminal and subtonsil-
lar approaches provide additional access routes by dissection along
natural avascular planes. Retrosigmoid or far-lateral transcondylar
routes may  also permit entry into the fourth ventricle under special
circumstances when the tumor has already created the surgical
pathway (“transtumoral” corridor) through the lateral brainstem
Open access under CC BY-NC-ND license.parenchyma.1,3
Recently, Hermann et al.4 published a case series of 4 pediatric
patients with giant midline posterior fossa tumors involving
the fourth ventricle and tectal region. These authors achieved
s Ltd. Open access under CC BY-NC-ND license.
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aig. 1. The preoperative brain MRI  of our patient with a 1-month history of gait difﬁ
umor with mild hydrocephalus. (a) Gadolinium-enhanced midline sagittal T1-weig
ons.  (c) Gadolinium-enhanced axial T1-weighted image at the level of the lower p
omplete tumor resection in two patients and near-total tumor
emoval in the other two through a combined transventricular
elovelar and supracerebellar-infratentorial approach. No new
eurologic deﬁcit occurred postoperatively. Adult patients do not
ypically present with giant tumors, but large tumors in this patient
opulation present signiﬁcant technical challenges. To explore
uch a combined surgical approach in an adult while avoiding
ermian-splitting methods for a large, midline, fourth-ventricular
umor that is unapproachable though a single traditional route, we
resent the case of a large fourth ventricle tumor with associated
ydrocephalus. Gross total tumor resection was achieved in one
tage through an infratentorial-supracerebellar approach for the
uperior and a subsequent telovelar approach for the inferior
ortions of the tumor.
. Illustrative case
A 60-year-old man  presented with a 1-month history of gait
ifﬁculty and memory lapse. Except for slight ataxia, his neuro-
ogic examination was otherwise unremarkable. An MRI  of the
rain demonstrated a relatively large fourth ventricular tumor
nd mild hydrocephalus (Fig. 1a–c). Differential diagnosis for this
esion included a choroid plexus papilloma, a meningioma, and a
ig. 2. Intraoperative microscopic images obtained during the procedure while the patien
as  performed and the dura of the posterior fossa was  reﬂected over the dural sinus (star in
star)  and tumor at the edge of the retractor (b). Despite inferior retraction on the verm
elovelar  approach, the ﬂoor of the fourth ventricle (star) and the inferior edge of the resid
fter  completion of tumor resection (e).and memory lapse demonstrates an inhomogenously enhancing fourth ventricular
image. (b) Gadolinium-enhanced axial T1-weighted image at the level of the upper
metastatic lesion. Diagnostic tests for brain metastasis, including a
chest, abdominal, and pelvic CT scan, were unremarkable.
Surgical removal through a suboccipital craniotomy was
attempted while the patient was  in a lateral position on his right
side with his head turned away from the surgeon. A wide bilat-
eral suboccipital bony removal extended from the transverse sinus
through the foramen magnum was performed. C1 laminectomy
was not deemed necessary (Fig. 2a–e). After opening of the dura
over the cerebellum, a bridging vein underneath the tentorium and
the central vein traveling over the cerebellum were identiﬁed, cau-
terized, and transected. Dissection over the superior portion of the
cerebellum in the midline and slightly to the right side allowed
identiﬁcation of the tumor that was  protruding through the ante-
rior portion of the vermis; the tumor did not signiﬁcantly invade
the surrounding brain parenchyma (Fig. 2b). Due to the somewhat
ﬁbrous nature of the tumor, its excision through the suction appa-
ratus was not readily possible. Portions of the tumor overlying the
tectum and the superior cerebellar velum were removed without
difﬁculty in piecemeal fashion.
Further inspection and gentle inferior retraction of the vermis
allowed resection of additional tumor into the fourth ventri-
cle. Despite this maneuver, residual tumor in the caudal surgical
resection cavity was present (Fig. 2c). Partial transection of the ver-
mis  was  contemplated to increase further exposure of the inferior
t was placed in a lateral position with his right side down. A suboccipital craniotomy
 panel a). A supracerebellar-infratentorial approach allowed exposure of tentorium
is, there was residual tumor (star) in the caudal surgical resection cavity (c). Via a
ual tumor were identiﬁed (d). The ﬂoor of the fourth ventricle (star) was preserved
CASE  REPORT  –  OPEN  ACCESS
844 C.J. Griessenauer et al. / International Journal of Surgery Case Reports 4 (2013) 842– 845
F rth ve
G oliniu
a
n
w
t
i
a
e
s
r
r
c
c
b
a
(
l
w
t
3
a
t
A
s
c
t
ﬁ
a
e
a
a
d
e
a
o
t
v
s
ﬁ
s
e
p
t
nig. 3. Postoperative MRI  of the brain demonstrating complete resection of the fou
adolinium-enhanced axial T1-weighted image at the level of the midbrain. (c) Gad
spect of the tumor into the fourth ventricle. Due to the possible
eurologic deﬁcits associated with transecting the normal vermis,
e avoided such a maneuver and instead changed and redirected
he surgical corridor to approach the residual tumor through an
nferior trajectory. The inferior medullary velum was  transected
nd the ﬂoor of the fourth ventricle identiﬁed. This additional
xposure, with gentle retraction of the vermis and cerebellum
uperiorly, readily allowed identiﬁcation of the inferior edge of the
esidual tumor in the fourth ventricle (Fig. 2d). Additional tumor
emoval was possible and the ﬂoor of the fourth ventricle was
arefully avoided. Return of clear ﬂuid from the superior resection
avity into the inferior resection cavity assured communication of
oth resection routes (Fig. 2e).
This combined infratentorial-supracerebellar and telovelar
pproach accomplished gross total resection of the tumor
Fig. 3a–c). The patient tolerated the procedure well with no neuro-
ogic complications. The ﬁnal pathological diagnosis was consistent
ith a metastatic prostate adenocarcinoma. He underwent addi-
ional staging imaging studies and ultimately adjuvant therapies.
. Discussion
The combination of infratentorial-supracerebellar and telovelar
pproaches for the resection of tumors affecting the fourth ven-
ricle and related neuronal structures carries its associated risks.
pproach-related complications include venous infarction due to
acriﬁce of subtentorial bridging veins and retraction injury of the
erebellum. Nevertheless, for patients with large midline tumors
hat arise from the superior vermis or the quadrigeminal plate and
ll the upper third of the fourth ventricular space, this combined
pproach may  offer a unique possibility of safe tumor removal.
As mentioned above, Hermann et al.4 recently published their
xperience with the combined approach for a series of four pedi-
tric patients with giant posterior fossa midline tumors. We
ttempted a similar method in an adult. Since neurosurgical proce-
ures in adults and children present challenges that are unique to
ach group, we believe description of this combined method in an
dult will provide a preliminary experience for further exploration
f this approach in other adult patients.
Piatt and Kellogg5 presented two pediatric patients who had
umors involving the superior vermis and ﬁlling the fourth
entricle. Both patients underwent combined infratentorial-
upracerebellar and cerebellomedullary ﬁssure approaches. The
rst patient died on the sixth postoperative day due to a mas-
ive cerebellar hemorrhagic infarction after a bilateral cerebellar
xposure. In the second patient, a unilateral exposure resulted in a
rotracted postoperative course characterized by suboccipital pain,
orticollis, feeding difﬁculties, and persisting hydrocephalus.
The cerebellum has three major classes of bridging veins,
amely Galenic, tentorial, and petrosal. According to Piatt andntricular tumor. (a) Gadolinium-enhanced midline sagittal T1-weighted image. (b)
m-enhanced axial T1-weighted image at the level of the pons.
Kellogg,5 simultaneous compromise of different bridging veins
provoked by their surgical procedure resulted in venous insuf-
ﬁciency and infarction. In a supracerebellar approach, petrosal
bridging veins most commonly compensate for sacriﬁced Galenic
and tentorial systems. Addition of the telovelar approach risks this
collateral venous drainage through the petrosal system and may
lead to serious venous insufﬁciency.5 Koziarski et al.6 presented
a somewhat similar case of an adult women  suffering from a
tectal and periaqueductal glioma. Her tumor was removed in one
stage, partially via an infratentorial supracerebellar approach.
The remainder was  removed through access to the fourth ven-
tricle and cerebral aqueduct. Postoperatively, the patient had
bilateral ptosis and ocular disturbances which improved within
1 year.
Although the etiology and exact location of the tumors differ in
all the presented cases, they all offer insight into risks and beneﬁts
of combined surgical approaches in this particular region. Indica-
tions for the infratentorial supracerebellar approach are numerous;
it is a popular surgical technique for exposure of lesions in the
pineal region or the superior vermis, the posterior third ventricle,
and other regional structures.5,7,8
The dissection of the cerebellomedullary ﬁssure and incision
of the tela choroidea and inferior medullary velum, commonly
referred to as the telovelar approach, has recently gained atten-
tion as the preferred route for accessing lesions of the inferior
fourth ventricle. Microsurgically, the major advantage of this
access over the transvermian approach is the lack of necessity
of splitting the vermis or removing parts of the cerebellum.9–11
Preoperative identiﬁcation of the cerebellomedullary ﬁssure on
MRI  imaging as a landmark for fourth ventricular surgery aids in
planning the telovelar approach and predicting pathological tumor
anatomy.12
Clinical and anatomical cadaver studies have both demonstrated
the superiority of the telovelar over the transvermian approach.
In terms of morbidity, El-Bahy2 presented 16 cases of different
fourth ventricular tumors removed via the telovelar approach with
no patient suffering from cerebellar mutism postoperatively. In
all cases, the telovelar approach provided sufﬁcient access for
resection, limited only by the pathological nature of the tumor
and inﬁltration of the surrounding neural structures.2 Extensive
aqueductal opening, consisting of dissection of the uvulotonsillar
and medullotonsillar spaces bilaterally and incisions of teniae and
the posterior margins of the lateral recesses, as reported by Mat-
sushima et al.12 for 19 cases, was  not necessary. Kumabe et al.13
operated on ﬁve choroid plexus tumors of the fourth ventricle
through the telovelar approach. In their experience, the major
limiting factor for respectability was tumor inﬁltration and not the
chosen route of access.
Rajesh et al.3 also reported removal of large fourth ventricular
tumors. Fifteen patients were treated via the telovelar approach.
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ased on their experience, due to distortion of the normal
natomy by large adherent tumors and consequential difﬁculties
n dissecting the normal avascular planes, initial decompression
hould precede aggressive resection. Comparably, these authors
ad a relatively high incidence of neurological deﬁcits postoper-
tively. These deﬁcits were attributed to the extent by which the
umor stretched the uvulotonsillar cleft, retraction injury to the
entate nucleus, and ischemic vascular injury.3
Unfortunately, neither El-Bahy2 nor Rajesh et al.3 gave clear
riteria of what they considered to be a large fourth ventricular
umor; this factor prevents a reasonable comparison of their results.
n addition to the above clinical reports, Deshmukh et al.1 published
 well-designed cadaveric study quantifying and comparing telove-
ar and transvermian approaches. According to their investigation,
he telovelar approach, augmented by additional C1 arch removal,
rovided a signiﬁcantly larger working area. Horizontal working
ngles at all levels of the fourth ventricle, including at the obex and
he lateral and rostral portions of this ventricle, were signiﬁcantly
reater in comparison to those of the transvermian approach. The
nique advantage of the transvermian over the telovelar approach
as the fact that the transvermian approach provided a greater
ertical working angle for the rostral part of the ventricle. This
dvantage was nulliﬁed when C1 laminectomy was  added to the
elovelar approach.1,3
Although the above mentioned approaches facilitate removal of
he tumors in the lower portions of the fourth ventricle, the tumors
ocated in the upper portions of this ventricle remain difﬁcult to
each without transecting at least a portion of the vermis. Because
f the reported neurologic risks associated with transecting an
ntact vermis, the literature advises against injury to this structure
o gain exposure, if possible. Complications resulting from transec-
ion of the vermis include caudal vermis syndrome and transient
erebellar mutism. Caudal vermis syndrome is linked to distur-
ances of equilibrium and balance manifesting as truncal ataxia,
ait disturbances, oscillation of the head and neck, and nystagmus.1
ransient cerebellar mutism in conjunction with oral apraxia may
ccur.1,2
. Conclusions
A small select group of patients with surgical pathologies that
ay  not be safely approached through a single exposure, either
he telovelar or the supracerebellar-infratentorial approach, might
eneﬁt from the combined approach reported herein. The location
f the lesion will dictate which approach will be ﬁrst attempted.onﬂict of interest statement
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